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1. Trichloroethylene (TCEj, a synthetic chemical widely used

for metal degreasing, has been classified bty EPA in Group B

Probable Human Carcinogen., .Given the nature of our Operations

and past practices, it 1s now located in the groundwater below

and near many of our installations. The enclosure, giving some
neights into this cheniecal, is provided for your information.
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Dear Captain Lattimer:

I
=
L

ssponse ta your reguest, the following informatior is

Heaith Adviscry - Trichloroschylene
The OfTic: of Drimking Water Hesalth Advisory Program is a
concinuing effort. The Advisoriss ars updaced 2= new
information bscomea avaiiablz. In acddivion, advisoriss on
additional substaczes are also being prepared. Availability of
the Healtn Advisories are announced in the Federal Register.

I= you have any questions or require furcher details., plsase
contact the Safe Drinking Watsr Hotline 1-800-436-4791.
Sirceraly,
(. 77
Nk(‘\_{/&w
1
o .
Jernlifer Ornme
Heslth adviscry Program Coordinator
office of Drinking Water (WH-S550D)
Enc.osure
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This Hesith Advisory is basad upon information presented in the 0ffics
of Drinking Watex's Haalth Bffacts Criteria Docusent (CDI for Trichlozceethylane

(U.S. EPR, 198%a)-

Tha HA and €D Fformats are aimilar fox easy raferance.

Individuals deslring furthar {nforsaticn on the toxicologlcal date hase or

cationale for rlsk charactarization should consalt tha CD.

Tha Cb is avallablae

for review at each BPR Ragionmal Office of Drinking Wacer cousterpart {8:grs
Water Supply Branch or Drinking Watver franch}, or for a fae fros the Haticnal
Tachnical Informatiom Serviee, U.8. Department of Comserce, 5285 Poxrt Royal

., Springfiald, VA 22161, B # 86-1181

06/AS.

The toll frae number ia (800)

336-4700; in wWashington, D«C. areas (703} 487-4650,

II. SENERM. INPORMATICH AND PROPERIIES

CAS No, 7T9-01-6

Structural Formula

‘

C1-HC=C-Cly

Trichlaroathylene

Sznonm

TCE, trichloroemeﬁe,. acetylene trichloxide, i, Txilene

Industria) gslvant and degreaser for matal componants

Properties

Chenlcal Pormula
Holecular Walght
Physical State
Boiling Point

Vapor kressure
Danaity at 25°C

Hater Solubility

Gdor Thrashold (water)
Gdor Threshold (air]
Crgancleptic Threshold (water)
Conversion Pactor

LW .

W = Qoourrenca

0000001833

HORTEeS.

{Turkelson and Rowe, 1981; #indholtz, 1983}

CzHCL 3

131.40

Calorless liguid
86.7%

77 ma (25°C)

1.4 g/al

G.1 g/100 ml (20°C)
0.5 lg/IJ

2,5-9C0 mg/n3

0,31 ng/L {Anoore and dantala, 1983]
1 ppa = 5.45 2g/m’

¢ rrichloroethylene (TCE) is a synthetis chemical with no natural

» production of TCE was 200 millicn lbs in 1982 (U.5. ITC, 1983},

« e major scurce of TCE raleased to the anvironnent fa frem its wse

as a matal degreaager.

matority of all TCE production is

gince ICE is not consumad durlng this use, the

released to the envircorent. Magt

65:20 PEEZ-SE-03d
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TRICHLOROZIHYLENE

Realth Advisary
Office of Dxrinking Water
0.8, Bavirormental Protaction Agemcy

I. INTRODUCTION

The Heelth Advisory (HA) Program, spongored by the Qffice of Drinking
Watar (ODW), provides information on tha heslth effects, analyvical nethod«=
ology and treatmant technology that would be cseful fn daaling with the
contamlnation of drinking watar. Health Adviscries deseriba nenrequlatory
concentraticny of drisking water contaminants at which adverse health effecta
would not ba anticipated to cccur over specific expoaure duraticns. Health
Bdvlscries contain a wargin of safety to protect sens.tive wembers of the

populatian.

Health Advigories serva as informal tachmical quilance to sasist Federal,
Stata and local officials responsible for protecting public health vhen
amergancy =pllls or contamination situations occur« They are aot to ke
construed as legally enfoccaadble Federal standards. The HAs are subject to
change as new ianformation becomes available,

Health Adviscries are developsd for One-day, Tam~day, Longer-tern
{approxinately 7 years, or 10% of an individual's lifetime) and Lifetize
exposures based on data describing nancarcineqgenic end pointa of toxtelry.
Health Advisoriss do agt quantitatively incorporate amy potential carcinogenic
riek frow such sxposure. For thoge substances that are known or probable
hupan carcinogens, according to the Agancy clasaification schema (Group A or
8), Lifetlne HAe are not recomzended. The chemical concantration vaines For
Group R or B carcinogens are correlated with carcinogenic risk estimates by
employing a cancer potsncy (unit risk) value togethar with asscuptions for
lifatine axposure and the cansumption of drinking water. Tha cancer unit
risk is usually derived frow the linear multistsge model with 85% upper
canfidence limita. This pfovides a low~dose estimate of cancar risk to
humang that is conaldered unlikely to pose & carcinogenic rizk in excese
of the stated values, BExcess cancer risk estinates vay also be calculated
using the Cue-hit, Weibull, Zegit or Probit wmodels. There is no current
underatanding of the bislogical mechanisoe invalved in cancer to auggest that

_any one of thesa models is able to predict risk more accuzately than anothere.

Bacauge each model is based an diffaring assumptions, the estimatss that dre
derived can Jdiffer by sevaral grders of magnitude.

CLW
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of the releases ocour to the atmesphera by evaporation., Howewer, TCE
which is not lest to evaporation becooes heavily contaninaced with
greass and oll and has bean dispesed of by burdal ip landfills, dwnping
on tha graund or inta aswers. Jecanse netal working operations are
performed natiocnwide, TCE releasss cccur in all industrialized aceas.
Raleases of TCE during production and other uses are relatively minor.

Irichlarosthylene raleased to the alx la degraded in a matter of a few
days. Trichlorosthylene relmased to murfaca waters migrates to the
atmosphere in a few days or waexs where Lt also degrades. Photo-
oxidation appaars to be the predominant fate of thia compound (U.S.
EFA, 1973]. Trichloroethylene shich is released to the land dces not
degrade rapidly, migrates readily to ground water snd renains i
ground water for months to years, Ondar certaln conditionsg, TCE in
groundwater appears to degrade to dichlorpethylene and viarl chloride,
Trichiorcethylene alsc may he formed in ground water by the degradatiaon
of tetrachlorcethylane (Parscns ot al., 1984; Vogel and MoCarty,
1988). Trichloroethylene, unlike other chlorinated compounds, 4oes not
hiocaccumulats in Ltmdividual animals or fcod chalns.

Because of the large and disparsad releages, ICE occurs widely in the
anvivenmant. Trichlorcethylene ia ubiguitous in the air with levels
in the ppt to ppb range. Trichloroethylene is a common contsainant
in graund and surfaca waters with higher lavels found in groumd
water. &urveys of drinking water supplies have found that 3% of all
public systems darfved fram wall water contain TCE &t levels of 0.5
ug/L or bighexr. A small nunber of systems [0.04%) have levals higher
than t00 ug/L. Public systexs derived from surface water alsc have
besn Found to contain ICK bat at lower levela. Trichloroethylene has
bean reported to occur in scus foodq Lo the ppn range.

The major soucrces of expoaura. to TCE ars fzca contaninzated water and
to a lesger extent alr; food 13 only a minor sourca cf ICE exjosure
{U.3, EPA, 1883},

IZ1. PAARMACCKINETICS

dhsorption

L

Data on absorption of ingested TCE ace linited. Whan a dose ol 200
wg/ky of V4C-ICE in corn oll was administered to rats, 97% of the
dose was racovered durlng 72 hours after doslag (DeXant at al., 1884).

Diateioution

CLW ]
0000001835

Doses of Q, 10, 100 or 1,000 ng TCEZkq/day were adwinistered Ly gavage
to rats five days/week for six weeks (Zenfck et al,, 1984). Marginal
increases in TCE tissue levels were detected in the 10 mg/kg/day and
100 mg/kq/day dosa graups. Compared to controls, a zarked §mcorsase
in CE levels in moat tissueg wag obasrved in the higheat dose group.
Trichlorcethylene was distributed in all tissues examinad with the
highest concantrations in the fat, kidney, lumy, airenals, vas
deferans, epididyris, brain and liver.

6548 BRBZ-GO-03]
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Hetebolian

¢ gtudles indicate that CE is metabolized to trichloroethylens dda,
trichloracetaldehyde, trichlarcacstic actd, aapochloreacatie acid,
trichloreathanol amd trichloroethanol glucuronide {(U.S. EPFA, 1985al «

Excretion

s Trichloroethylaens and its metabolites are saxcreted in urine, by
exhalation and, to & lesser degras, ln aweat, fecas and saliva
(Soucek and Viachova, 19%9]. '

HERALTH EFEECTS

Hunansg

Shopt-texn Expcgura

© QOral exposuve of nunans to 15 te 25 ml {21 to 35 q) quantities of KE
vesulted in vomiting and abdaminal pain, followed by translent uncon-=
sclousnesa {Stephans, 1945). :

Lanqg=term Exposurs

* gtudias of huvans exposed occupationally have shown an increzze in
garum transaxinases, vhich indicatas damage +o the liver parenchyma
(Cachnit, $1971). Q[uantitative axpogure lavels wers tot avallable.

Animals

Short~tery Exposure

> aa aceta orsl Ligg of TCOB in xats ia 4.92 g/ky
{NIOSH, 1980).

Iong~tern Exposuce

¢ Rats aexposed to 300 mg/n? (55 pps) TCE five days/week for 14 weeks
had elevated liver weights (Rimmerle and Ebem, 1973).

Reproductive Effects
* %o data wers svailable on the reproductive effacts of ICE.

Devalopzental Effecta

* X5 cata were availsble on the developmental effects of ICE.

Mutagqenicity

¢ ryichloroathylene vas motagenic in Salmonella izghiamrium and in the
B. coli K-11 gtxzain, utilizing liver microscnes for activatian {Grein
at al., 1975 1877).

3d
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Carcinogenicity

L

”»

Technical ICE (containing epichlorchydrin and other coapounds) was
found ta induce a hepatacellular carcinogenic reaponse in B&CIFy nice
{8CI, 1976), OUnder the conditions of this experiment, a carcinmogenic
responge was not chserved in Osborre-¥endal rata. The *timewweighted®
average doaus ware 54%.snd 1,097 ug/ky for bath zale and Lerala rats,
The time-waighted average daily dcses wers 1,169 and 2,339 ag/ky for
male mice and 869 and 1,739 mg/kg for female mice. ’

Epichlorchydrin-fres TCE was reparted to be carcinogenic in BECIFY

mice when administered {n corn oll at 1,000 ng/kg/day, 5 days/wk, for
103 weaks {NTE, 1982). It was not found to be carcincgsnic in fenale
Fischar 344 rats when administered in corn odl at 520 or 1,600 mg/kg/day,
§ days/wk, for 103 wesks. The experinent with male rats was considaced
to be inadeguate since these rats received doses of TCI that exceeded
the pasxinum tolerated dose.

TCE hag heen shewn to be carclnogenic in mice utiiizing trhe inhalation
as wall as the cral route of exposurs. The National Cancer Institute
{1976} and the National Toxicology Program [1982) each cenducted an
qral gavage study with TCE, one contaminated with ezpichlarchpdcin and
the othar free of epichlorchydrin, respectively, In these atudies,

ag described above, B6CIP; mice were used, and the results wvare
anequivocally positive, showing liver neoplasma.

In an inkalation study, Hsnschler et al. (1980} xeported dose-related
nalignant lymphomas in female mice exposed to 100 oxr SO0 ppu TCE vapor
& hre/day, 5 days/vk, for 18 mpnthe (RAN:MAI strainl+ However, the
authors dovnplayed the siguificance of this observation, {ndlcating
that this strain of mice has a high Iincidence of spontaseous lymphomas.

Pukuda et al. (19683) fcund pulmonary ademccarcinomas in Female ICR
mice of sxpcsure te TCE vapor.

Hergchlar et al. (¥983) tested Swiss [ICR/HA) mice and reported that
when the animals wers treated by gavags with TCE in coen oif, no
statiatical differcnces wera observed in the incidence of cancetrs.

The results of this study can ba questioned because the Zose achedule
was often interrupted aven with half of the oariginal doze. Thersfoxe,
it is very &ifficult to assess the expesurae, A slight incraass in
tuwnors was found in all groups trsated with TCE but 4id not approach
etatistical significances.

The Van Duures 5tudy [1973) with skin applications of TCE in ICR/EA
mice does not negate the positive findings vith other strains of mice
and other routes of exposure. .

Ve QUANTIFICATION OF TOXICQLOGICAL EFFECTS

Health Aivisocries [HAs) are generally determined for Cne-day, Ten-day,
Longer-tern {approximately 7 years) and Iifetime exposures Lf adezuate data

va:88  @Bgc-s6-530
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ars available that identlfy a gensitive noncareinogenic end pofant of toxfeity.
The HAs for noncarcinogenic toxicants are derived using the following formulas

AA = (NMOAEL or LOAEDL! x (SW) » __ ng/L (o }
- {UP) x {___ L/day) ads valk

whetes

RUAEL or LOAEL = Mo~ ar Lowsst~Obaecved~Adverse-gffect-Level
in mg/kg bw/day.

BW = asaumed hody weight of a child (10 kgl or
an adult (70 Xxg).

UF = uncextainty factor {13, 100 ox %,000), in
accordance with NAS/ODW guidelines.

L/day = assumed dally water consumption of a child
{1 L/day) or an adult (2 LAday),

Uns~cday and Ten-day Bealth Advisory

Suitable data were not availeble ta estimate Ona-day and Ten-day Health
Mvisoriea. . .

Loager~term Health Advisory

Ho suitable data are available from which to caleulave a Longer~temn
Baalth Mmarfo

LiZetine Health Advisory

The Lifstine HA represents that poxtion of an individual®s total exposuce
that is attriluted to drinking water and is corsidered protective of noocar-
cinogaic advarse health effacts over & lifetize expogsure. Tra Iifetiye BA

' is derlved in a three step process. Step 1 determines the Referemce Dase

{RfD), formerly salled the Acceptable Dally Intake (MDI)s The RfD ia an estd-
mate of 2 dally exposure to the human populatlon that is likely to ba without
appraciabla risk of daletericus effaects agvar a lifetime, and iy derived from
tha NOREL {or LOARL), ldentified froo a ohrenic {or sunchronfic) study, divided
by an uncertainty faotor{sl. From the AfD, a Dricking Water Zjufvalent Laval
{DWEL) can be datermined (Step 2}y A IWEL {s a pediun-zpecific (i.a., drinking
water) LiFetime exposure level, asasuming 100% exposure from that medium, at
vhich advarsa, noncaccinogenic health effects would not be expected to cocure
The DNEL Is derived frowm the multiplicaticon af the RED hy the azauned body
weight of an adult and divided by tha assumed Sally water comausptica of an
Aaduit. The Lifetime HA is deternined In Step 3 by Zactaring in other sources
of Bxposure, the relative source cantribution (RSC). The RSC from drinking
water iz hased on actual exposure data or, if data ares not available, A

valua of 20% {s assumed for synthetic arganic chemicals ard a value of 10%

is asswed for inorganic chemicals. 3If the contaminant is classified as a
Group B or B carcinogen, according to the Agency's classification scheze of
carcinoganic potential (U.d9. BEA, 1986), then cautizn ahould ba axercised in
asseaginy the risks associated with lifgtime expasure to this chenfcal.

Bo:88 OkRz-SB-531
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ITrichlozvethylana may be clagsified in Group E: Probable Haman Carczinogen,
according to EFA's welght-of-evidenca schexze for the clasgification of catrcino-
genic pocential (9.8. EBA, 1986). Bacause of this, raution must be execciaed
in making a decision on how to deal with pogsible lifatime sxposure to this
substanca, The risk manager pust balance this assessment of carcinogemic
potential against the likelihood of cocurrencs of health effects related ta
non-cercinoganic end-points of toxicity. 3Ia order to assist the risk manager
in this process, drinking water concentrations assaciatad with estinated
excess lifetime cancer rxisks over the range of oma ian tam thousand to cne
in a nillion for tha 70 kg adult, drinking 2 liters of water per day, axe
provided in the fallowing section. In addition, ia this secticn, a Drlakiang

‘Watar Buivalent level (DWBL) §s derived. A DWEL ia defined as the medium-

apecific (i this case, drinking water) exposurz which ls interpreted to be
protective for nan~carcinegenic and-points of toxicity over a lifeatise of
expoaure. The [WEL is deterwined for thea 70 kg aZult, ingasting 2 liters of
water par day. Also provided i3 an estinate of the axcess cancer risk that
would resuls Lf exposure ware to occur at the D¥IL over a lifetize.

Nelther the risk estimates nor the CWEL take relative source caontribution
into account. The risk manager ghonld de this on a case-by-case bagis,
considaring the c¢ircumstances of the specific contanination incident that has
occurred.

The atudy by Xinmsrle and Ehen (1973}is the nost approprlate from which
to derive the DWEL., 'This study evaluated the subacute exposure to trichlore-
athylene via inhalation by adult rats for some 14 weeks fallowlng expusure to
SS ppr (300 mg/m3), five days a week. Indicas of taxicity fnclude hemato-
logqical investigation, liver and remal function tezts, blood glucase and ocgan/

" hody weight ratics. Iiver weignts were shown to be elevated vhile other tagt

values were not different froe contrals. The elevated lliver welghts cauld be

interpreted to be tha result of hydropic changes sor fatty accumulatioa. The
na-ohgarved—-effect level was not identified gince only & szingle concentratiom

was sdministered, From these results, a ZOAEL of 55 ppa (300 mg/nd) was
idantiffied. Using the LOAEL, tha DWEL iz dexived as follows:

Step 12 Cetarmination of the Total Absorbed Dose (TAD)

(300 mg/m?} (8 m3/day} (5/7) (0.3] . 7,35
TAD = (76 kg | T35 ng/kgfday

where:
300 mg/m3 = LOAEL far livar effects in rats
8 nd/day = Volume of a2ir inhaled during the expogure pariod

5/7 = Converslon factnr Ffor adijustdng from § days/veek exposure
to a dally dose

0.3 = Ratio of the dose absorbed.

70 kg = Aasumed weight of adult.

@0:80 - BEAZ-GE-~-230
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Step ¢ Datermizabion of the Raference Dome {RED)

RED = 1235 nglxg/day o g.90735 a
= =ity (o mg/xg/day

wheras

7.35 ng/kgy/day = TAD,

1,000 = urcertalnty factor, chosen in accozdance with NAS/OLW
quidaiines for ugse with a LOABL from an animal study.

© Step 3: Datermination ‘af the Drinking Water Bquivalent Level (DWEL}

DWEL = (3.00733 ng/kc/day) (70 kg) . 0,26 mg/L (260 ug/L)
2 Lyday ‘

whare:
0.00735 ng/xq/day = REID.

70 kg = assuzred body weight of an adult.

2 L/day = assured dally watar consumptiion of an adult.

fhe astimated excess cancer risk aasoclated with lifetize expogure to
drinking water contalning YCE at 260 ug/L ia approximately 1 X 104, This |

estinate repreeeats tha upger 55% confidence limit from extrapolations preparecd

by EFA‘s Carcinogen Assessment @xoup using the linearized, multistzge madal.
The actual risk s unlikely to exceed this valus, but there is considerable
uncertafiaty as to tha accuracy of risks calculated by this methodalogy.

Evaluation of Carclacgenic Porantial

* IARC (1982) has classiffied TCE in Group 3.

¢ Trichlorcethylene has been classified in Group B2: Probable Human
Carcinogen: This claasification for carcinogenfcity was fetarxined
iy a technical panel af EPA*s Rigk Assessment Forum using the EFR
rigk assegsment quidelines faor carcinoqeas {U.S., EFR, 1986). This
category s uaed for &genta for which theve ls "sufficlent evidence"
for human carzinogenicity from animal studfes and for shich there ia
" nadeguate evidence® oxr "no data® frow human studies.

* Using the improved amltistage linearized model, it cam be satimated
that water with T0I concentratione of 280 ug/L, 28 ug/L or 2.8 wg/L
may increase the risk of one excess cancer per 104, 3105 or 106 pecple
expcsad, zespectivaly. These satimates were calculated from the 197€

26:88 vaRZ-SB-D23d

NCI bioassay data, which utilized TCB cootaminated with epichlozohydrin..'u

Sknce then, an NIP [1982) bioasszay utilizing epichlorchydrin~free TCZ
has become avallable; the datz from this bioassay have bean resviewed
and evaluated for carcinogenisity, and epichlorchydrinfree TCE has
been raported to be carsincgenic in mice,

LI2T
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vi. OTHER CRITERIA, GUIDANCE AND STANDARDS

ACGIE (1584} has recommended a thrashold limit value (TLY} of 50 ppa
[ ~ 270 ng/m3} and a short-term exposure limit {STEL} of 150 ppm
{ ~B05 ag/md.

The NAS (1940} recommanded Cne~ and Sevesn~day SWARLS of 105 and 15 ag/L,
regpactivaly.

The #B0 (1981) reccamendsd a drinking watsr guidance lavel of 30 ug/L
basad on a carcinogesnic and point.

The EFA {U.S. EPA, 1980 recouzended a water quality criterion of
6.77 g/l for effects other than cancar.

The EPA (U.S. BPA, 19454} has promulgated a Resoansnied Maxlaun
Contazinant Level {RMCL) of zero based upon kt3 classification sy a
Xrovn or protabls human carcinogen and has propoded a Maxinam Contaml~
nant Laval (VCL) of 0.005 ag/L based on its RNCL ard appraptiate
frasibility atudies.

-~

VIL. AVALYPICAL METHODS

¢

Analyafs of TCE is by a purge-and-trap gas chromategraphic procedure
used for the determination of volatile organchalides in drickdng water
(U.S. EPR, i983b). This mathod calls for the buhsling of an irert

gas through the sample and tragping TCE on an adsorbant material.

Ihe adsorbant material 13 heatsd to drive off the ITE onto a gas
chroenatcegraghic column. This method is applicable ta the zeasucement
of TCE over & concentration range of ¢.01 to $5Q0 wy/L. Contirmatory
analyaia for TCE is by mass spactrametry {(U.S. EPA, 19685c). The
cataction limit for confirmation by mass spectrometry 1s 0.2 wg/L.

VIII. TREATMENT TECHHOLOGIZS

CLwW
0000001841

Trastzent technologies which will remove TCE froz watar include
granalar activated carbon (GAC) adsorption, aeration amd Deiling.

Dobbs and Cohan (#9€0) developed adsorption isotherss for several
oxganic chemicals including TCE. It was reportad that Pibrasorh®
100 carbon axhibited adsorptive capacities of 7 ng, 1.5 »g and Cd ny
TCEfgn carbon at equilibriom concentrations of 100, 10 and 1 mg/G,
respsctively, USEPA-DNRD installed pllate-scale adsorpticon columnsg
At diffexent sites in New England and Pannsylvania. In ¥Yew England,
contaninated well water with TCE concentrations zanglag trom 4.4 to
177 ag/L was passed thraugh GAC columns un%il a brsasthrough concen-
tration of Q.1 mg/%L was achieved with expty hed contact time {(EECT}
of 18 and 9 minutes, respectively {(Love and Eilers, 1982]. In
Pennsylivanla, TCE concentrations ranging from 20 to 130 ng/i were
raduced to 4.% ng/L by GAC after 2 zonths of caontinuous opecation
(ESE, 1935). .

Ba:88 eERZ-SB-230
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¢« 7TCE is amegable to aeration an the basis of its Eenzy's Lav Comnsatant
of 550 atm {Kavanaugh and Trussell, 19680}, In & £yl plant~acale
[1478 MGD) redwood slat tray aeration coluxn, & removal efficiency of
50-60% was achieved from TCE initial concentraticns of 5.3~3945 og/L
at an alr-to—water ratic of 3011 (Beas et al., $981), In anothser
£ull plant-scale (6.0 MGD) maltiple tray aeratian column atady, xE
removal of 52\ was achieved from 150 mg/L (Hess et ale., 19811, A
£oll plant-scale packed towex aeration column ramcved a7-99% of TCE
Froa 1,500-2, 000 2g/L contaninaced groundwater at akr-to-watexr ratie

0f 25:1 {B88, 19285},

.

* Boiling also s effactive in eliminating TCE from water on a ghort-term,

amergency basis. Studies have shown 3 ainutes of vigerous bolling
wll] rexove 951 of TCE originally present {Lave and Eilers, 1982},

o Alr stripping ls an effactive, simple and relatively inexpensive process

#or removing TCE and othex volatiie organics frox water. Howavar, use
of this procass then transfaers the contaninant directly tc the sir
streaa. Wnen considesring use of alr strippirg ae a treatment process,
it ia suggaated that careful consideration be glven to the cverall
acvirormental occurxence, fate, routs of exposire and various other
wazards assoclated with the chealcsl.
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